I. Introduction
Water is the elixir of life, a precious gift of nature to the organisms. Water pollution not only affects water quality but also threats to human health, economic development and social prosperity [1] . The groundwater is believed to be comparatively much clean and pollution free than surface water. It is used for domestic, industrial water and irrigation purposes all over the world. Rapid urbanization, especially in developing countries like India, has affected the availability of quality groundwater due to its overexploitation and improper waste disposal, especially in urban areas [2] . In many towns and cities in India, groundwater is the source for multiple uses and is being supplied through municipality network and also from large number of private boreholes. According to the WHO, about 80% of all the diseases in human beings are caused by water. Once the groundwater is contaminated, its quality cannot be restored by stopping the pollutants from the source. Temporal changes in the origin and constitution of the recharged water, hydrological and human factors, may cause periodic changes in groundwater quality.
Fluorine is the lightest member of halogen group and is essential in minute quantity for normal mineralization of bone and teeth. It stimulates the growth of many plant species but on other hand if taken up in excessive amount may be toxic to plants and animals. Major health issues due to drinking fluoride contaminated water include dental fluorosis, teeth mottling, skeletal fluorosis and deformation of bone in human beings. Around 200 million people from 25 nations have health risks because of high fluoride in groundwater. In India alone about 62 million people are at risk due to incidence of dental and skeletal fluorosis [3] . Dental fluorosis is endemic in about 50 % states of India with the problem most pronounced in the states of Andhra Pradesh, Bihar, Gujarat, Madhya Pradesh, Punjab, Rajasthan, Tamil Nadu, and Uttar Pradesh [4] . According to one study, 30-50% of districts of Bihar are affected by fluorosis. According to Bihar government 8,188 villages in 11 districts have excess fluoride in groundwater [5] .
The main source of drinking water for Bhagalpur city is underground water. The present supply of water by Bhagalpur Municipal Corporation is 21 MLD through hand pumps and deep bore wells, and the per capita water supply for the city is 38 LPCD. Bhagalpur Municipal Corporation (BMC) has 51 wards and symptoms of dental and skeletal fluorosis in residents of some wards located in southern part of the city indicate fluoride contamination in groundwater sources in these wards and that is a major concern for the health of the people of these wards. A number of studies are available about fluoride contamination of groundwater from various parts of India and Bihar [4, 6, 7, 8, 9, 10, 11] , But no systematic study has been done for fluoride mapping of groundwater sources for the area under BMC. Keeping these points into account, the present study was undertaken to determine underground water quality in wards of BMC prone to fluoride contamination.
II. Materials And Methods

Study Area
Bhagalpur city (25° 7' to 25° 30' N & 86°37' to 86° 30' E) is situated at 184m above mean sea level on the southern bank of River Ganga (Fig.1) . Bhagalpur is covering about 30.18 sq. km. area with an average population density of 1180 men per sq. km. The population of town is 4, 25,443 as per Census 2011. Ground water (hand pumps and deep bore wells) is the main source of drinking water. The climate is tropical and is characterized by hot summer (19.4°C -38°C) and pleasant winter (8.6°C -28.4°C). The average annual rainfall is 1200 mm with maximum rainfall confined to monsoon months and almost no rains in winter. 
III. Results And Discussion
The variations in physico-chemical parameters of selected groundwater sources are depicted in Table- [14] . Electrical conductivity of water ranged from 922.32 to 2718.7 µs. The highest value was found in ward 43 (2718.7 µs) and lowest in ward 46 (922.32 µs). The values of TDS ranged from 569.1 to 1428.4 mg/l. It was higher (1428.4 mg/l) in ward 39 and lower in ward 46 (569.1 mg/l), similar to the findings of Sharma & Patel [15] . EC and TDS values exceeded the desirable limit but were well within permissible limit (2000 mg/l) in all the samples. Total hardness of water is a measure of dissolved Ca 2+ and Mg 2+ in water expressed as CaCO 3 . Water hardness has no known adverse effects; however, it causes more consumption of detergents at the time of cleaning and some evidence indicates its role in heart disease. The values of total hardness ranged from 203.5 mg/l to 679 mg/l. It was maximum in the sample of ward 51 and minimum in the ward 44. The results show all samples within permissible limit (600 mg/l) except in sample of ward 51(679 mg/l). The concentration of fluoride and total hardness in the present study are inversely related in the present study similar to the previous studies [4] . All parameters expressed in mg/l except Depth, Temperature, pH & Conductivity
Fig: 2. Physical parameters of drinking water samples from 13 wards of BMC
The concentration of Chloride was observed in the range of 88.71 to 387.9 mg/l. Chloride values were within permissible limit in all studied samples. It was higher (387.9 mg/l) in ward 39 and lower (88.71 mg/l) in ward 40. The Carbonate was absent in all the water samples analyzed. Bicarbonate ranged from 32.8-133.4 mg/l. It was observed that the rise and fall of total alkalinity mostly corresponded with that of bicarbonates. Therefore, Bicarbonate and Total Alkalinity values were higher (133.4 mg/l) in the sample of ward 42 and lower (32.8) in ward 47. The overall, high pH, bicarbonate, and less hardness in groundwater lead to leaching of fluoride which results in increase in the concentration of fluoride in groundwater as established in the present study also. Nitrate-nitrogen and Phosphate-phosphorus concentration were very low and therefore not expected to degrade the drinking water quality. Fluoride concentration in the study area varied between 1.93 to 2.98 mg/l. It was highest (2.98 mg/l) in ward 48 followed by ward 44 (2.97 mg/l) and lowest (1.93 mg/l) in the sample of ward 46. The WHO has recommended the permissible limit of fluoride in drinking water to be 1.5 mg/l, whereas, BIS has recommended an upper acceptable limit of 1.0 mg/l of F¯ as desirable concentration of fluoride in drinking water, which can be extended to 1.5 mg/l of F¯ in case no alternative source of water is available. In the present study, almost all groundwater samples (source of drinking water) exceeded desirable/permissible limit as prescribed by WHO/BIS for F -in drinking water. Fluoride values exceeded by 28.7-98.7% which is almost double the values recommended by WHO and BIS. The requirement of fluoride in daily uses varies from country to country depending on geography and the age of the people too [9] . Water sources having fluoride concentration of more than 1.5 mg/l are not suitable for drinking purposes. In the present study all the groundwater samples analyzed for wards 39 -51 exceed the permissible limit of fluoride (1.5 mg/l) in drinking water. The elevated levels of fluoride in the groundwater sources in the investigated wards of Bhagalpur Municipal Corporation appear to have adverse effects on the residents of these wards. This is substantiated by the reported cases of dental and skeletal fluorosis in the people from these wards (39 to 51). Similar findings were also reported by Kumar and Kumar [16] . Correlation matrix shows that Fluoride was positively correlated to Depth (0.049275), pH (0.639912), EC (0.086708), TDS (0.246149), Cl¯ (0.240897), NO 3 -N (0.731781) and negatively correlated to water temperature, HCO₃¯ and PO₄ -P (Table-2) .
IV. Conclusion
Physico-chemical analysis of groundwater sources (drinking water sources) of the 13 wards under Bhagalpur Municipal Corporation suggest that all the physico-chemical parameters are within safe limits except that of fluoride which is above permissible limit as prescribed by WHO/BIS for drinking water. The excess fluoride concentration in the study area (Wards 39-51) may be attributed to the geological formation in the area. The weathering of rocks and leaching of fluoride bearing minerals might be the major reasons which may have contributed to the elevated concentration of fluoride in groundwater sources of Bhagalpur Municipal Corporation. Therefore, the present study indicates that groundwater sources in wards 39 -51 of Bhagalpur Municipal Corporation are not fit for drinking purpose. Elevated levels of fluoride in groundwater sources might www.iosrjournals.org 49 | Page be possibly responsible for reported cases of dental and skeletal fluorosis in the residents of investigated BMC wards. The study was conducted to generate baseline data on fluoride concentration in groundwater sources of BMC. Further study is required to estimate fluoride concentration both in pre-and post-monsoon period and associated health risk because of intake of water with elevated level of fluoride. The amount of fluoride in food, vegetables and dental products used in the locality also needs to be measured.
